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WL b 52 B T R A LR TR PO I A AR AR
fm R 27 ME 42 B8 (phenomenological theory of
martensite crystallography, PTMC)[™ PA A% 7% WM
B B 2 TR LD DA AR A8 3o i v AN S A W
WP 2 , PR Ry AN AR ST 5 ol i i B ] L AR
FA5E > Tt TR K AV 1) 5 8 AR WL R Ry 2 45
AR SRS R E S . PTMC T H T
BERER T Fe B4 & 5250 W0 2 Y 5 [C A4 AH AR
AR, (HIZIRIR B ML IR PR A Hk =
Xof A A 25 AB R S S T - 1 AR AT B, OF
ANVG B AR SR RS ROWAILE. 358, & 2 s it
M 2/ (HRTEM) if55 2B B9 Fe B4 45K
PG T T HAT B B T & B 2548, iz S B (R
{111} pcc / {110} o 25 HETHT ) Ay 19 AH 52 B 22 o T
FROM - RO > Tl (atomic habit plane), Ti4%
RS AT WS 3] 1) A 5L T B AR AL 48 5
(YA > TR A 2 W RUBEH 2] THT (macroscopic habit
plane). 3% [ HRTEM 3 5 b 53 7 J&8 55 (14 )3 &
Hirth 1 Pond 01 3T G AT FRVE 53 B 45 G A0 4
FRAE E SL T — A0 ST B B IF R 2 A R AR AL
(transformation dislocation ¥ disconnection), &
LA RN EE ) Burgers i (bP) FHAE, [RIF
BB T RN S B BE (h) Rk JFTE
IEEA FA R T B AAAHAS #F MEHY (topological
model, TM)'283] W 1 ffs, AHXE B 7200 R
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Fig. 1. Schematic illustration of the stepped interface struc-
ture between parent and martensite phases in the topologic-
al model (in which the macroscopic planar habit plane is in-
clined to the terrace plane, or atomic habit plane, with an
angle )l1213],
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filh b5 I AKE S (57 485 Bl R T IR AR S i 45 1)
FRAE, JR45 T 5 DA AR TIOUAIL ) 1 i 4~ i
FE, HIEZBAEA T EATY R A AR LA B AR
WAETT IR B ) 2 K )i B A7 o 45 7 THIAETE
— & B R BR A

¥ 8l J1% (molecular dynamics, MD) 124}l
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I T i AB AR 5 [ AR RS AL, R T ARAS Y &
4. Suiker 45 29 5351 5% F Johnson-Oh % 35 pRi %5 |
# A JiLF (embedded-atom method, EAM) b
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SRR, I YOI AR AR s SR i R
AR kA, FEAR S B BCC AR AR 51 FnE
Yo, HEE SR, Tateyam 452321
TERY Fe 1Y FCC-BCC K AH R G AH AL i R B &
M, BCC HHTEARFI AL 10 R T A K AFfE 2
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KRBT, BCC HH M-I A= 4 7 205 25 5 48 Sy Ja il
R AR I, HAmERRAE KOy R A K s i
e THIE . A TR ) ¢ &R I S BN AN R A
VAR F PIA A AR N-W Al K-S ([ e R
AF B 1 DT R BE A 22 5. Ou 45 29 38 T K-S,
N-W F1 Nagano fii [1] & R T Fe & AH £ 4 (1) #H 48
IR, AR AR AR AR T R RS A RS, HEAH
Ftif b FCC F BCC i VT Be &b 1 R BE £ DI
W, FCC [n] BCC 454 1562847 Rk 2 5 IR AR AR
T e/ MV RS TR Bl 2R REE, AR AR e AR HL
54 Bogers-Burgers B ;i 7E 4 AH 4% VS iC 42
ZINERER XN, FCC 18] BCC 45H (78 75
FRFERBENY BT, 1Ah, DRI RS
TEBARIIRE B T (< 100 K) JE47 FLEE AR ot
Wi, 2% B CC AR S i i 5 AT & i Rl S, A
ST R I R AT 5 A O 25 R % DDA G
Song F1 Hoyt!20) 3zl f & FCC F1 BCC A 2 [8] Y
(776)kcc // (011)pcc FHHI, 78 FCC AH—M5] A—41
B R, KIX LGB #E FCC/BCC A1 A 1l i
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#. it , Maresca #ll Curtin?” 3&F Fe-Ni-Mn &
S I [AARAH A oW Z5#1 HRTEM 43745 5 1)
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O AR AR A SR A A i S . TR A
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T 235 ) 7 S R AR 3 R R B AR UL 7 P A O
HEPEAE 2V ET AR, MOk Z ) HRTEM fiff
GO HT R B Fe 3644 FCC/BCC A S I 7E iR
TRIETEAE RN ISR FREREN G
Wbk, SRTTE BT Fe A 4 D [RARAHAE MD 4
BT TAE T, 46K 22500 SR IR AU (R e A
5 58T WK AE S5 8 HE T B {111 e A {110} 5 b
(IPCRL, T M S a5 0 Fe &4 5 IRAAH
5y 12 BAURR S M 1 R R AR T
ARICHARYE Fe 22445 [RAHM 5 iii HRTEM
SCU B SE 45 AL, AE AR MR RUAE 2L R B Fe rh
FCC/BCC tHA I EA & Br 45 R-E R LR B
K HH 53T 30 J 2F BT B 0F 5% S [ A A S 1T

FCC — BCC AR f Hh YL A A7 o4 IR R A T
IR ERF LS, MW Fe 245 4 5 R
J B YIAR T A AT o S AL ).

2 FCC/BCC A8 R & W 4 14 41 4
A W M 2 B4

TESr T3 1D, SR ERE A A AR
XTG4 W B TSRS TR AUL 25 SR ) 5 P 28 G o
B MRAF 5 Fe R 800 HE 8% V1A G Fa
FCC/BCC A 5t M 45 A VE A L 40L 1 ) 4 B A TR A
W OCHE. Engin 55 28 89 M5 AN W] 28 AU 9 3 ok 2
rBlHAT Fe i FCC #I BCC AHIY A HifiE, 1153
2 8L 5 78 Finnis-Sinclair % # pg £ 29 By #3419
FCC A A th REA-AE— A Rk i/ IMA, =W FCC A
£ FCC-BCC Z AR R b T AR, ETEE
i BCC AH I 75 2 5 Ik — 5 Y RE 4. B B 221 2
ZEER A T4 FCC-BCC & MK & h 31545+
FE R FCC/BCC AHA I, T J5 22 5 i %
BRI 2 A SR T ) AR A AR =201 R, AR SR
A Fe B9 Finnis-Sinclair I 2 pREAE AW 1 S &=,
Hoxb ¥ FCC Al BCCAH Y & 4% W 023 5l ol
arcc = 0.3668 nm Fl agcc = 0.2996 nm 2],

H1 T FCC 1 BCC i 1A 45 A4 1 i 4% K07
TE22 50, 7 BOPMAE T b A A A R T
F4E Finnis-Sinclair 3R E R ) FCC F1 BCC
AHARAR HRL, AT AT P AE AR TRy BT (R
[7 10 Tlrcc//[570lscc ) LHIESECEE 6 B/ (< 0.1%),
RIFEIZT 0] b PIAHREAS R b D IE. DR ITTAS AR,
AH ST R A B E BT o (W
[10T)kcc //[001]sec ) b B 2(a) SEPAHTE 2 5H 05 )
R AR PR RCIRAS I, o Fe JRU7- AR o xs Bk
ZH (centrosymmetry parameter, CSP) 5 (%, i%
JRFZECRT 0 BEUA, FAEFEF IR S 1
FPREEE, FTPH T3 b ARk v 1 57 i fle o 2254
XF T o Al AR AR SRR Y R, L CSP{Eh
0, T2 Tl A% I 56 T 7 485 B 3 9 J -, |l T4
& W A2 5 B0 R CSPAE R — R BUE. N
Kl 2(a) AT IL, AR RE T FCC F1 BCCH 7E
o 77 1) AR B A AR AR B I, X SRR G T TR
FCC/BCC AHFE o 417 n] 43 A1 I BAA — 2 (7]
HE R B 55 51 (misfit dislocation array)ZR7wN,
W ARIZAHF TR H AR ARk .
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B2 HARSES MAFRILEKRSE b) F FCCH
BCC A A% s FFETE o Bl 77 1) b A UE IE R A ]

Fig. 2. The atomic configuration of interphase boundary
between FCC and BCC crystals in (a) natural state and (b)
constraint coherent state (in which the atoms are colored

by their centrosymmetry parameters).

T—J7 I, B AR AR S R TR AR, T
I IME DS e RS F e AR, Rl T HeAH
A o AR v ST R T G R A A A 4
P RRIE XS 5 [C AR AZ s . AREE 3 th FCC 5
BCC AHLE 5 B I _E 2 il T 500 B0 L AR 4544,
W4 Fe Jt 75 W5 AH v 1) 14 %85 BE 23 iC h Xpoe
Xpoe, W24 & B A=A 7 s FCC AN #REE
A PRSI, Fe 2810 5 i I 507 TR AR A 7k
It S W s A FCC AH, Horhi ot S i)
T4 BCC & M i o B 0B = BCC AR, H
RBCRIIAR S B R A A, B Vace = dpec/drcc
M BCC ARSI Fe JETECH (dpec /drce ) -
Xpoe, BIEAAIAFRIE S G B EIROT S B Fe i+
Y HUE 5 Nre = Xrce — (dpec/drcc ) - Xpee - #7
FCC #1 BCC AHLER BT I Fe J5 114125 B 43 i
M ovce Ml opee, WIFHH Fe I F1KR% B X 5 0%
¥ o ZIAJEA Xrce =orce/drcc Fl Xpee =osec/dec
KFR, I Fe i+ 0 808 7 7] S Ros R
Nre = (0rcc — oBce)/drce . X T AE 3L 4% A A 1
FCC Fil BCC fhi&FE & B b s () T %% B S AH
% (EI] OrCC #= UBcc), %‘rﬁ/ﬁ%%ﬁfﬂ?&i&%gﬁ
it Fe JiF AR AEY M (D Na #£0) SR8 5% 8L i
2 FCC M BCC &A% 7EARH L L 12 A% DT il ¢ 5
W (B opce = opec), AN Fe J57 B HGE

N, =0, AR IR DT AT E R T
PIRFRY B8, A5 A IR o) 28 2 5 G AR AR iy S Y
FRAE. R, Al X FCC A BCC AH 43 )it hin
%l 1] 07 AR (5 P A A RS DT BC, AT A5 3 3 A%
FCC/BCC A1, W& 2(b) Bz, W5 AW R
PR oA ekt A, AR ST SE R AR T2 LRI,
AR 3.3 71 e A B AR R — e I
A, FET RE A BT A AR A AR R T, AR i
(2) AFTHHEAS B E AR R FCC/BCC AH 5t
) S 1T R 2

E = [Eroa — (Ercc + Epce)]/(24), (1)
H o Epyg N FCC-BCC & MK 2 1Y & fiE &
Epce F Epee 43 51 20 JE 1 AH B T A7 1) FCC Al
BCC Hifgs, A MAHA mmA, AR 2 FnikR
HSr A A ST

-y

Martensite
L

B 3 AAS (7 4E Burgers <& b° JE it FEoR 2 A
Fig. 3. Depiction of the formation of a transformation dislo-
cation b° by eliminating the “gap” between parent and

martensite crystals.

H Al Fe & 4 5 G A AR MD BERIF5T oK
2 DLJRF ROBES ) T {111} eee // {110} goc fE R
FCC/BCC MHF TGRS, I MR EE 15
> 115 D ROBEABE ) T fa () 22 55 SEPR b, ani&l 1
TR, BT A S & A A, B IR
JBEIEE > 115 J 7 ROBEASE > 1 2 R AE ) . Fadh
EAITA Ry I [CAARAH S I £ B 235 440 T 368 2o A A2 57
HEATHA, FLIUTRRAE AT AR 1A 3 r A 0Lt AR 5
TnCAR B . YRS AR A A 5 i B2 A
PRAH St Fi 1A% X FR 1k A A i A A T
Az TR, R TR R B DAL A SR 25 F 7E A
ST b 3% S A A R N AR R, T ZEAR B
T BT AAHAZ O 4, H Burgers K104 bP, RAE
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VA E T AR PR 2 ) 2 S T AR 5 T 5 R 14 % PR B
AL, IR

bD = tparent — tMartensites (2)

T parent I ntartensite 73 1 A BEAH RN [CARAH i A%
MBI REE PSR

P 0, A SCHE ST AR G oA A £ By
FCC/BCC AHFHAAY, /L z//[10T]rcc //[001]pcc
y//[7 10 Tlece // [570]cc M 2/ /[575]kce //[750]ec B
e Z&, Hof FCC/BCC 22 MR R 15 =] 1 A i AH
(575)ecc // (750)pcc 1, FIEL T a1 AT 2 5l a0
K 4 fiR. b Fe J P23 T2 3.2 AN
J - Be 7 B AT A A, b gk SRR B B
12 /) FCC A1 (58— 2R 3 48 J5 7 8] #5431 A
2.62 F1 3.70 A), 2L R/RELNIECH 14 1) BCC #H
(B — 58 RN B =3 AR JE - [a] E 43 5 Oy 2.49,
2.87 F1 4.06 A), TiAHSL b 04 J5F o T X AR
NS EABX T FCC A BCC ffAk, B A
B @R, TR FCC/BCC M St miZhf4.
AT UL, B BCAS BT AR A DX 0 R A 1 AR A d AR 71
G IRFESAL, A B T W o B A AR AL A )
B 25 A R ik, rp B B T B R RO S I
FCC #il BCC AHI (111)pcc // (110)pcc % HETI, &
B s BE oA 1A 2 HE S B R, P35 65 B (] B 24
A 1.294 nm, 5 B 5 147 F [101]pcc //[001]pec
J7 1], WOAH SRASAE £ B L0 2 N-W 7 [ S8 .

g it8 B 45 X FCC—BCC #7247 9 1Y
SN, AR SO VBT X AR T2 o A A A 25 1)

© FCC
@ BCC
O Boundary

Bl 4 BB EHEHEHER FCC/BCC A1 71 &2 i 2 4]
TR TR

Fig. 4. Atomic configuration of the FCC-BCC biphasic sys-
tem in Fe alloy evaluated by coordination number method
where FCC crystal, BCC crystal and interphase boundary
are represented by green, red and yellow dots respectively.

FHIE, 40 FCC-BCC B AR R AAHAE T L KAl
FRIIT RS, 75 FCC-BCC EMIAZR =, y Fl 2
77 1) b 35 2R F R 034 i 45 (periodic boundary
condition), HAF A 1 fs, SR HALHIRA B
% (conjugate gradient method) XJ AH Ft 11 4] 47 5
RIVERE S i/ IMEAL B, ITHBRAS G BREE ) P R IR
i e /DRI AR E 45 . RN, SR ] Nose-
Hoover 5 il 75 4EREVR R IR BEAE 10 K DAk 2D )5+
POy 2 /AR MR, I AE IR % IR (isothermal-
isobaric, NPT) £ it 2 E AR 25 ps £ -4
RS, FEI GG R b, 2 R 5 AR A i R A
TV, BIAHAE P EORGE ™ A i AH A Tk 2 (RD
2 J710)) B REIK Sl e 2 28 FPA T TAR A (B 2y
) B UIE AR ) AR H Nose-Hoover #58 He
R R N P, MEYIN ) P, 2, HEitk
FEVFAAR FRIGAR S 28 il 1) B A8 FH BT VIR AR LIAS it AH
AR A AR T

B4R H 41 F 3 1 51 B R ¥ LAMMPS
(large-scale atomic/molecular massively parallel
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HitE FCC-BCC BAMIRRTE 0— 25 ps AR [l 23415 bR AL AT (c) 245 AR IS L A5 23 B3l AR AR 18] 1) A8 A6 6 FR I 2% (d)
Fig. 5. RDF of the FCC-BCC system with (a) incoherent and (c) constraint coherent boundary; and evolution of the phase frac-

tions with (b) incoherent and (d) constraint coherent boundary.
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2 BRSPS T8 45 RA R IR 1501 7 1 i) o O
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AR ST R A 5 TR ASE A6 ) R 0 0 DA B A 25
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XU R G AR S5 PR 2R A 10 41 B AN )B4
& T RS R 7 BB AL S 50 i T3
R R FCC/BCC M A H M ERS T2 (4.4 +
0.3) x 102 m/s. MAk, FHAZREFE i S AR 2R 77 4=
— A AT TAHS BT VI AE €, AR — A H T
FH U TET 3 ) B AR e, FLECME 2 B 0.349 Fi
0.053, XJEARY H I A8 Y 1 [CARAH AR (1) BLAVREAE.

240

180

—a— Upper boundary

120 —e— Lower boundary

Boundary location

60

0 é 1IO 1I5 2I0 25
Time/ps

Kl 6  FCC—BCC AR H 24 g3 A% 5 B B0 AR S T oz 5 i

I 1F 725 1 O 3 1Y 2 % it A 445 4 2 7 o] AR AL 285 2R

Fig. 6. Curves of the constraint coherent FCC/BCC bound-

ary location versus time within 20 ps and snapshots of the

crystal structure evolution process by MD simulation.

£ 55 —J5 i, "] LA FCC Al BCC i ik 1
(111)pcc F1(110)pec FHFHFHAE G HTA FCC/BCC
FHA R A AL HA Sl 7 i, K Fe
AR LSRR AR A T €. 2 AH A1 o A A%
SUTE, TR AH TE) B R A TG 38 Ak S TR P A K T
e by = 5 [1T0)rec// (5 Tsce )Mz = S[10T]rcc

(/5 (0Tt ncc ) B30 BB IR AR5,

& 7 FCC Al BCC ffkdE & B (111)pcc // (110)pcc HH
SR AR S

Fig. 7. View on the FCC/BCC boundary of (111)pcc//
(110)pcc interface (in which the atoms are colored in terms

of their potential energy).
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103 FCC 1 BCC M, FIRmLEH. Erhaf
sk FR PR I W, HRK R . AR
R FCC AFE o 7w bR AT 151 ALIRR
BT [121]kcc 77 ) 38 (AR U] 28 S B OF 5 4l BCC A
B A2 A, B FCC Mg [121] ke 7 0l A2 55 1)
s, W FCC MY %[101]Fcc%f}zj@ BOC i1y
[010]pcc FhHE Rt , SEE FCC fa#% ) BCC A Y
GETE AR

] 10 S22 SR IA% A IR R 7E 10.0 F11 10.2 ps
BF FCC/BCC AH T B o008 285 #4) S 3 T 3/ 4R D 5~
PRIRZSE, AR CNA Jy vk BEF A S i 3 40
M) FCC Fl BCC @b iR ZE 44, I 1T 3 b 7 13 A
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B8  (111)pcc // (110)pec AE 15 B AR S 11 S A% K TR A it A 205 4 3 A8 3 R ASE4DL 445 (a) 0 ps; (b) 15 ps; (c) 30 ps
Fig. 8. Snapshots of the evolution of the local structure and propagation of the (111)gcc//(110)pcc boundary at different times:

(a) 0 ps; (b) 15 ps; (c) 30 ps (in which the atoms are colored by their coordinate number where green: FCC, red: BCC and yellow:
phase boundary).

00000000000
0020000000 0

Al Al Al Al Al Al Al Al

Q @ @ @ @Al@Al@Al@_ @ @Al@

- [121]gce/ [110])scc

2 $3.8.98 83 8

@ P QP

(ll_l)Fcc //(110)]3(;(;

B9 HHE FJE AR 10.0 F110.2 ps BB FE RS AR S K

Fig. 9. Atomic displacements on the terrace plane of (111)pcc//(110)pcc (in which the transformed configuration at 10.2 ps is su-

perposed over the configuration at 10.0 ps).

(a)

(b)

B 10 23 3A% FCC/BCC AHAETE (a) 10.0 ps Al (b) 10.2 ps I A CILEE #a L K AH 521 30 40 B T2 B AR 25 8 (c)
Fig. 10. Configuration of the step-like constraint coherent interface between FCC and BCC crystals at (a) 10.0 ps and (b) 10.2 ps

evaluated by common neighbor analysis method; and (c) the atomic displacements near the transforming boundary.

7 W), TR AT A AH AR 0 55 B9 Burgers K b0 I
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FeAg AR HA N AR, SEBR L, AR A AT
FEMHP) Burgers %ﬁﬁ%b?/ﬂﬂ FCC ffAkrf 1/2
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T P TR LR B o B 11, ELAT 70700 i B
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SEA TR R A (2.8 4 0.2) x 103 mes . A
TR 10(c) AT WL, AHASA 5 i B 2t 72 P oAl
A LA N T 37 51 R B ET Y FCCAH R 7R
(111)pec 2 HETH BT [121)pcc J7 M AR 3R U] 48 A
¥, 1E S HIAL Fe 571 M HEBE L5 M i FCC
(111)pec 2 HEHE SR L AZ S BCC f R (110)pcec 1 HE
YRty BT AL FCCAH (111)pec i I Y148
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BCC # (110)pcc & T, AH AR A7 45 W 5 X 38 9 1Y
FCC %575 BCC HH. £ b, AN B8 04~ A
WEXT FCC [n] BCC FhiARZE a1 A8 i 21 e EH
I PR AAAH AR 1) JE T B 2 A 72 7 485V 15 B T ) A
M.
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DA% T B ST 0 T A A A TR v g R AR 45
THIXF T4 3.2 AT ABIE T B A1 3k
75 B3 PR SRS FE A B IR AL T A OO, &
Brii I FCC fuik—MIAELERLN AR, i BCC fh ik
SIS, FE RS I AR it fin T A S AR, (H7EAH
AR AR 252 0t 7 2 AR A, A A A
PR A AR S A 2R b, I FURIBR T & B T 4048
Ak, TITAZE 125 FH S TR ) A N A A 3 T K
NAE . 1S — AR, A7 HRTEM 52 5 i) 38 78
ZrOy Pa)ZE A A0 2 PR =0 17 L ORER 31 25 Bl A I
5 o AR RFAE B 3 B I AR St 1o oA 1 AR Sk S
PRI AR S, AL PRAH AR P R 8 i T B 43
A1 R AHAS A A B A5 21 A5 R ot

El 11 FCC 1 BCC HI#E 1.0 ps Bt 2y dLIL A% & By i -
;78 4347 [

Fig. 11. Distribution of the strain field along the constraint
coherent terrace plane calculated by relative displacements

of atoms’ neighbors within a given cutoff radius of 3.2 A.

3.4 FCC—BCC O K{EHZTREFHE
SEitE
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yre, zrp) LA XE & B O SRR N AR AR 4
FCC 1 BCC i & N-W i [m &&, v F & M L
AFAE wp A ypp J7 0] () HAS AR o HLAG 4 < (8]
S PR A 78 A7 4685 T2 9 ] A 5t e 7 T AR A

XF 2 J7 [0 A AR R AR IR 75 2 55— 2H b A doke
FEREZ LA AA st (R, FEAR SO PR ME T T3
HmiZ 7 18] bR AR, T REAS 15 2 HAT —
L AHAZ L B 51 B AR A T 25 A R IE S H, dEIm S
MD #8045 5 3 7 % b 43 Bt . AR 48 A SCR T Y
Finnis-Sinclair # &%, 11715 G By _F 3 yre 7
[ 1) 48 B AE e, = 0.0585. KR4 (2) 245 241 A8
fL 5 Burgers & B 7E G Fr i AL AR & F AR KN
bP =0, —0.727474,8.095331 x 10~4], HiF1, tytariensive =
[010]gcc , HIALHETT 18] £° FAT T o %l

12 #HIMER T & ) FCC/BCC A R T L B A 28 07
45 7R
Fig. 12. Schematic illustration of the transformation disloca-

tion configuration at the stepped FCC/BCC boundary in
the topological model.
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Yu Fl Clappl 75 9 5 75 51 89 b 59 U7 5k 2 E 29
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U 2 R By IR LY 1/4, 5ARBHU RIS 1)
JE AR SRS RS AR . 53— J7 T, Bos & 1Y)
FF Johnson-Oh A #pRECR F I Hh i AL S 1R A
P52 Fe i FCC/BCC A 5 1 19 F 23T 7
HEA T 200700 m/s Z[8], {H 2448 =4~ )
J5 1) bR R BP0 A6 g, HAE R EE O 0,
RIVEA AHAE A . Tateyama 55 2324 5 i 48 T 4R
AR J7 R4 7] T AL, Fe i FCC < BCC
1F . 3 AHAE 1Y Finnis-Sinclair # %, I111515 3
FCC/BCC tH A HIiEF 3 FEFE 10—15 m/s Z [H].
Suiker Fl1 Thijssel? 43 5] 2k Hi EAM, MEAM #
Johnson-Oh = it A~ [a] 1% #¢ ok H0 452 480 31 53 4% 2l
FCC/BCC A A 1T 4 B 14 T 500 m /s, e
/5 A 35 2400 m/s. i Wang Fl Urbassek?! > H
Meyer Fl Entel® #3571 Finnis-Sinclair #pRiZi5

U B N-W i 1] & & T B9 FCC/BCC #H 5t T i
B M2 24 m/s. {H 1548 1 B J&, Song M
Hoyt? 7 FCC A5 | A & B 485 14 31115345 2
FCC — BCC A5 i A5 v A0 5L 11 (%) 1 78 3 B (AR
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5 ) f Ak BB R 0 (i 79 BEIE S %5 (KI5 AN L Rl

F# 1 FCC — BCC R MIAZEFMES R 3T 3 2S5 R SR MR R I e
Table 1.  Comparison of the FCC — BCC transformation crystallographic characteristics obtained by MD simulation and topolo-

gical model.

MD simulation TM calculation

Macroscopic habit plane index

Line direction of transformation dislocation

Spacing of transformation dislocation/nm
Shear direction
Shear magnitude
Dilation

Phase boundary migration velocity/ m-s!

(575)rcc (0.501, 0.706, 0.501)pcc
[101]p [101]p
1.294 1.244
[7107]e [7107]p
0.349 0.344
0.053 0.058

(4.4 £ 0.3) x 10 -

5 % #®

1) FE T ¥ SR R FAH A8 7 5 e A T
Fe &4z FCC/BCC AHF PR HEIY, 7313 )1~
BT R, S PAR S A s T RC e R e
WY Zs A, 7R R & A FCC — BCC I [LARAH AR If:
S B R AR O AR R, AR B A S ]
JEL NS PR RS A7 B B

2) S G A i R RN T Y
FCC/BCC ZM A i HILLIr 10 Ll (4.4 +
0.3) x 10* m/s BT, HAHA R7ET i e

HIR AR FERR RS BY £ B 45 48 AR X S T A 72 LA
HTESRHE.

3) AHAR 7B )W AL R R A (2.8 + 0.2) x
10% m /s, FHAS A 55 FE 301 65 [ T 0 B ) 4 1] 34 5
2 I AR 5 B 5 48 2 WA S T S A% AR SOB ML,
2 T FRAAAH AR 22 I BRI A ) 32 SHe UL

4) 5T S BAURAR B Fe A 4 5 IRIA
A AR RHE S i S 0 VS ) T A B TR R
P, AHAR = A S AR T G AR N AR R PA T T A A
T 4 5 1) 107 A% A0 T B A S T ) 3 1] 07 AR 7
Ay 2 AR, HHp BT ) N AR B i 1k 1 A, B
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Abstract

The martensitic transformation between the high-temperature face-centered cubic (FCC) phase and the
low-temperature body-centered cubic (BCC) phase in iron-based alloys has been studied for years, which plays a
critical role in controlling microstructures and hence properties of the alloys. Generally, the BCC structure
martensitic phase forms from the FCC parent phase, involving a collective motions of atoms over a distance less
than the interatomic distance in the vicinity of the interphase boundary. Thus the structure of interphase
boundary separating the FCC and BCC phases is the key characteristics to quantitatively understanding the
mechanism and kinetics of martensitic transformation. Due to the difficulty in observing the atomic motions
taking place at a velocity as high as the speed of sound, the experimental investigation on the migration of
FCC/BCC interphase boundary during the transformation is as yet limited. Noteworthily, molecular dynamics
(MD) simulation has been applied to studying the martensitic transformation, in particular for investigating the
mobility of the FCC/BCC interphase boundary in iron. However, in most of the MD studies the atomistically
planar interfaces of {111}pcc // {110}pcc are considered as the initial configuration of the interphase boundary
between FCC and BCC phases, which is in contradiction to the high-resolution TEM observations. In fact, the
FCC/BCC interphase boundary, which is known as the macroscopic habit plane, is a semi-coherent interface
consisting of several steps and terrace planes on an atomic scale. In the present work, the atomic configuration
of a terrace-step FCC/BCC interphase boundary of iron is built in terms of the topological model. The MD
simulation is conducted to clarify the mechanism of interphase boundary migration in the FCC-to-BCC
transformation. The results show that the FCC/BCC boundary migrates along its normal at the expense of
FCC phase as a result of the lateral motions of the transformation dislocations. Meanwhile, the interphase
boundary maintains the stable terrace-step structure during the transformation. Further examinations reveal
that the transformation dislocations move steadily at a velocity as high as (2.8 + 0.2) x 10% m/s, affecting the
migration of the interphase boundary with a constant velocity of about (4.4 + 0.3) x 10?2 m/s. The effective
migration velocity of FCC/BCC interface exhibits dynamic properties consistent with the characteristic features
commonly observed in a displacive martensitic transformation. Additionally, the motion of transformation
dislocations gives rise to the macroscopic shape strain composed of a shear component I3, = 0.349 parallel to
the boundary and a dilatation I}, = 0.053 normal to the boundary in the MD simulation, which is close to the

crystallographic calculations by the topological model.

Keywords: transformation dislocation, interphase boundary migration, molecular dynamics simulation,

topological model of martensitic transformation
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